efficacious than the parent compound at 100 and 200 nM concentrations. Thus, improved 
nuclease resistance increased the potency of the antisense oligonucleotides. 



EXAMPLE 61 

Control of H-ras Expression 

[0225] Antisense oligonucleotides targeting the H-ras message were tested for their 

ability to inhibit production of H-ras mRNA in T-24 cells. For these test, T-24 cells were plated 
in 6-welI plates and then treated with various escalating concentrations of oligonucleotide in the 
presence of cationic lipid (Lipofectin, GIBCO) at the ratio of 2.5 ug/ml Lipofectin per 100 nM 
oligonucleotide. Oligonucleotide treatment was carried out in serum free media for 4 hours. 
Eighteen hours after treatment the total RNA was harvested and analyzed by northern blot for H- 
ras mRNA and control gene G3PDH. The data is presented in figures 8 and 9 in bar graphs as 
percent control normalized for the G3PDH signal. As can be seen, the oligonucleotide having a 
single MMI linkage in each of the flank regions showed significant reduction of H-ras mRNA. 

EXAMPLE 62 

5-Lipoxygenase Analysis and Assays 

A. Therapeutics 

[0226] For therapeutic use, an animal suspected of having a disease characterized by 

excessive or abnormal supply of 5-lipoxygenase is treated by administering a compound of the 
invention. Persons of ordinary skill can easily determine optimum dosages, dosing 
methodologies and repetition rates. Such treatment is generally continued until either a cure is 
effected or a diminution in the diseased state is achieved. Long term treatment is likely for some 
diseases. 

B. Research Reagents 

[0227] The oligonucleotides of the invention will also be useful as research reagents 

when used to cleave or otherwise modulate 5-lipoxygenase mRNA in crude cell lysates or in 
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partially purified or wholly purified RNA preparations. This application of the invention is 
accomplished, for example, by lysing cells by standard methods, optimally extracting the RNA 
and then treating it with a composition at concentrations ranging, for instance, from about 100 to 
about 500 ng per 10 Mg of total RNA in a buffer consisting, for example, of 50 mm phosphate, 
pH ranging from about 4-10 at a temperature from about 30 to about 50 °C. The cleaved 5- 
lipoxygenase RNA can be analyzed by agarose gel electrophoresis and hybridization with 
radiolabeled DNA probes or by other standard methods. 

C. Diagnostics 

[0228] The oligonucleotides of the invention will also be useful in diagnostic 

applications, particularly for the determination of the expression of specific mRNA species in 
various tissues or the expression of abnormal or mutant RNA species. In this example, while the 
macromolecules target a abnormal mRNA by being designed complementary to the abnormal 
sequence, they would not hybridize to normal mRNA. Tissue samples can be homogenized, and 
RNA extracted by standard methods. The crude homogenate or extract can be treated for 
example to effect cleavage of the target RNA. The product can then be hybridized to a solid 
support which contains a bound oligonucleotide complementary to a region on the 5' side of the 
cleavage site. Both the normal and abnormal 5' region of the mRNA would bind to the solid 
support. The 3' region of the abnormal RNA, which is cleaved, would not be bound to the 
support and therefore would be separated from the normal mRNA. 

[0229] Targeted mRNA species for modulation relates to 5-lipoxygenase; however, 

persons of ordinary skill in the art will appreciate that the present invention is not so limited and 
it is generally applicable. The inhibition or modulation of production of the enzyme 5- 
lipoxygenase is expected to have significant therapeutic benefits in the treatment of disease. In 
order to assess the effectiveness of the compositions, an assay or series of assays is required. 

D. In Vitro Assays 

[0230] The cellular assays for 5-lipoxygenase preferably use the human promyelocytic 

leukemia cell line HL-60. These cells can be induced to differentiate into either a monocyte like 
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cell or neutrophil like cell by various known agents. Treatment of the cells with 1 .3% dimethyl 
sulfoxide, DMSO, is known to promote differentiation of the cells into neutrophils. It has now 
been found that basal HL-60 cells do not synthesize detectable levels of 5-lipoxygenase protein 
or secrete leukotrienes (a downstream product of 5-Hpoxygenase). Differentiation of the cells 
with DMSO causes an appearance of 5-lipoxygenase protein and leukotriene biosynthesis 48 
hours after addition of DMSO. Thus induction of 5-lipoxygenase protein synthesis can be 
utilized as a test system for analysis of oligonucleotides which interfere with 5-lipoxygenase 
synthesis in these cells. 

[0231] A second test system for oligonucleotides makes use of the fact that 5-lipoxygenase is a 
"suicide" enzyme in that it inactivates itself upon reacting with substrate. Treatment of 
differentiated HL-60 or other cells expressing 5 lipoxygenase, with 10 uM A23187, a calcium 
ionophore, promotes translocation of 5-lipoxygenase from the cytosol to the membrane with 
subsequent activation of the enzyme. Following activation and several rounds of catalysis, the 
enzyme becomes catalytically inactive. Thus, treatment of the cells with calcium ionophore 
inactivates endogenous 5-lipoxygenase. It takes the cells approximately 24 hours to recover from 
A23187 treatment as measured by their ability to synthesize leukotriene B 4 . Macromolecules 
directed against 5-lipoxygenase can be tested for activity in two HL-60 model systems using the 
following quantitative assays. The assays are described from the most direct measurement of 
inhibition of 5-lipoxygenase protein synthesis in intact cells to more downstream events such as 
measurement of 5-lipoxygenase activity in intact cells. 

[0232] A direct effect which oligonucleotides can exert on intact cells and which can be easily 
be quantitated is specific inhibition of 5-lipoxygenase protein synthesis. To perform this 
technique, cells can be labeled with 35 S-methionine (50 yCi/mL) for 2 hours at 37 °C to label 
newly synthesized protein. Cells are extracted to solubilize total cellular proteins and 5- 
lipoxygenase is immunoprecipitated with 5-lipoxygenase antibody followed by elution from 
protein A Sepharose beads. The immunoprecipitated proteins are resolved by SDS- 
polyacrylamide gel electrophoresis and exposed for autoradiography. The amount of 
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